In a prospective, multicenter, double-blind, randomized clinical trial, we compared the efficacy of piperacillintazobactam (4.5 g 3 times daily intravenously) plus placebo versus piperacillin-tazobactam plus amikacin (7.5 mg/kg twice daily intravenously) for the treatment of 760 febrile, adult patients with cancer with chemotherapyinduced profound (!500 neutrophils/mm 3 ) and prolonged (110 days) neutropenia. A total of 733 patients were assessable for efficacy of the drug regimens, and an overall successful outcome was reported in 49% (179 of 364) of the patients who received monotherapy, compared with 53% (196 of 369) of patients who received combination therapy ( ). Response rates were similar with both regimens, as were incidences of bacteremia P p .2 and clinically documented and possible infections. In our epidemiological setting, the initial empiric combination therapy was not associated with improved outcomes when compared with initial monotherapy.
an efficacy similar to the combination therapy [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, these studies have 2 main shortcomings: first, the lack of comparison of the same b-lactam in the 2 treatment arms does not allow the evaluation of the real advantage brought about by the addition of an aminoglycoside; and second, because any modification of initial empiric therapy is defined as failure, the unblinded design introduces a bias in the decision of the investigator to modify the initial empiric regimen because monotherapy may be perceived as inadequate. Furthermore, a formal comparison of short versus regular courses of amikacin in combination with the same b-lactam antibiotic in febrile neutropenia showed the advantage of the classical regimen in controlling gram-negative bacteremia [9] . Therefore, the issue of monotherapy and, in particular, the advantage of including an aminoglycoside in combination with a b-lactam antibiotic at the start of empiric therapy remains controversial. This prompted us to perform a double-blind, placebo-controlled, randomized clinical trial to compare piperacillin-tazobactam with or without amikacin for the empiric treatment of febrile neutropenia.
METHODS
We evaluated patients aged 114 years who were admitted for cancer chemotherapy or autologous bone marrow transplantation to 34 Italian oncologic and hematologic centers. Patients were eligible for randomization if they had fever (у38.5ЊC on 1 occasion, or у38.0ЊC on у2 occasions within 24 h) likely to be due to an infectious cause and had neutropenia (!500 neutrophils/mm 3 ) anticipated to last longer than 10 days. Patients were excluded from the study if they had a history of allergy to the protocol's antibiotics, if they had serum creatinine levels 11.5 mg/dL, or if they had received iv administered antibiotics during the preceding 96 h. Orally administered fluoroquinolones and cotrimoxazole were allowed as prophylaxis, but they were stopped at randomization.
Randomization. Patients were randomized centrally only once, according to a computer-generated random-number program accessible 24 h daily. Patients were stratified according to the center and the underlying disease (acute leukemia and allogeneic bone marrow transplantation vs. lymphoma and solid tumors).
Primary end-point and sample size calculation. The primary objective of the study was to compare the success rates of both regimens. An equivalence trial design was chosen. Assuming from experience elsewhere [10] that the expected overall response rate to the piperacillin-tazobactam plus amikacin regimen was 61%, a required sample size of 712 assessable patients was estimated to ensure a 80% chance of rejecting, at , the null hypothesis of equivalence when the true a p 0.05 difference between treatments was ∼10%.
Therapeutic regimens. Piperacillin-tazobactam was administered in a dose of 4.5 g q8h by infusion over the course of 30 min to both treatment groups. Amikacin (7.5 mg/kg q12h) or matching placebo (100 mL of 0.9% NaCl) were infused over the course of 15 min. Calculated renal creatinine clearance was used to adjust maintenance doses of piperacillin-tazobactam. Maintenance doses of amikacin or placebo were modified according to the dosing method of Sarubbi and Hull [14] .
Classification of febrile episodes. Febrile episodes were classified as microbiologically documented infection with or without bacteremia, clinically documented infection, and unexplained fever. In case of isolation of skin saprophytes, 2 positive blood cultures were required.
Evaluation of response. Response was defined as follows. We considered the response a success if fever and clinical signs of infection resolved and if the infecting microorganisms were eradicated without change of the initial allocated treatment. Response was defined as "failure" if the patient died as a result of primary infection; if bacteremia persisted beyond the first 24 h of therapy; if breakthrough bacteremia was documented; if the isolated pathogen was resistant to piperacillin-tazobactam, regardless of the clinical response of the patient; if a temperature of 138ЊC persisted for at least 5 days and prompted modification of empiric antibacterial treatment, either in a deteriorating or in an otherwise stable patient without any other documentation of infection; if infection relapsed within 7 days of discontinuation of treatment; and if toxicity occurred that required interruption of treatment. Response was also evaluated by assessing the time to defervescence, the time to failure, and the survival at day 30.
National Committee for Clinical Laboratory Standards methods were used to define resistance. Piperacillin-tazobactam resistance was defined for all microorganisms as a zone diameter р17 mm, according to diffusion susceptibility testing, and as an MIC у128/4 mg/mL for gram-negative microorganisms and an MIC у16/4 mg/mL for staphylococci, according to MIC testing.
Statistical analysis. All case report forms were centrally reviewed, and data analysis (SAS, SAS Institute [15] ) was blinded to the assigned treatment. A by-protocol analysis on the assessable patients and an intent-to-treat analysis on all eligible patients were performed.
The x 2 test with a correction for continuity and Fisher's exact test were used, when appropriate, to compare differences in proportions. The Wilcoxon test was used to compare the medians. A logistic regression model was used to assess the relative importance of the various prognostic factors assessable at the time of randomization. The OR of success and its 95% CI were calculated for each factor included in the multivariate analysis model. The distributions of time-to-event variables were evaluated by the Kaplan-Meier method and were compared by the log-rank test. The 95% CIs for the difference between proportions are given, when appropriate.
RESULTS
From December 1997 through May 1999, out of a total 760 patients randomized, 6 were not eligible and 21 were considered "not assessable" for the following reasons (monotherapy/combination therapy): protocol violation (2/12); early discontinuation of protocol therapy (0/1); noninfectious fever (1/2); and nonbacterial infection (3/0). Therefore, we were able to assess the data from 733 patients (364/369) for therapy efficacy. Patient characteristics are illustrated in table 1. There were no significant differences between the 2 treatment groups in any important characteristic.
Sites of infection were equally distributed and were represented by the following (monotherapy/combination therapy): central venous catheter (19/17); lung (14/19); skin and soft tissue (15/13); oral cavity (13/12); gastrointestinal (6/4); urinary tract (2/1); and others (4/6). The classification of febrile episodes and response to therapy are illustrated in table 2.
The overall success rate in the 2 treatment arms (monotherapy vs. combination therapy) was similar: 49% versus 53% ( ; 95% CI, Ϫ11 to 3). The response rate of microbio-P p .2 logically documented infections accounted for 32% in both regimens ( ; 95% CI, Ϫ10 to 10), whereas that of clinically P p .9 documented infections was 53% versus 43% ( ; 95% CI, P p .5 Ϫ13 to 32). The response rate of patients with fever of unexplained origin was 63% with monotherapy and 70% with combination therapy ( ; 95% CI, Ϫ17 to 2).
The causes of failure were similar for both treatment groups and were mainly represented by persistent or relapsing fever and by the isolation of a resistant pathogen (table 3) .
Time to defervescence and time to failure. The overall distribution of time to defervescence and that of time to failure were found to be similar with the 2 treatments (log-rank test, and , respectively). We also found no difference P p .6 P p .9 in subgroups of patients, such as those with gram-negative bacteremia, including polymicrobial infections (time to defervescence: log-rank test, ; time to failure: log-rank test, P p .48 ); those with single-agent gram-positive bacteremia (time P p .24 to defervescence: log-rank test, ; time to failure: log-rank P p .49 test, ); and those with pneumonia, including those with P p .35 bacteremia (time to defervescence: log-rank test, ; time P p .67 to failure: log-rank test, ). P p .85 Response of bacteremia. Pathogens responsible for bacteremia (277 episodes) and response to therapy are shown in table 4. Gram-positive microorganisms were responsible for ∼60% of the bacteremic episodes and gram-negative bacilli for 30%, whereas 10% of bacteremias were polymicrobial. All pathogens were equally distributed in the 2 treatment arms. Methicillinresistant strains (both coagulase-negative staphylococci and Staphylococcus aureus) represented 64% of all staphylococci isolated from blood.
The response rate achieved by the 2 regimens (monotherapy vs. combination therapy) in single-agent, gram-positive bacteremia was low and similar: 27% versus 32% ( ; 95% CI, P p .6 Ϫ18 to 9). Patients with bacteremia due to coagulase-negative staphylococci had a success rate of 17% versus 18% ( ; P p .8 95% CI, Ϫ14 to 13). The response rate of streptococcal and enterococcal bacteremia was better than that obtained in staphylococcal bacteremia and was similar for the 2 treatment groups: 60% versus 71% ( ; 95% CI, Ϫ42 to 20). P p .7 The response rate achieved by the 2 regimens (monotherapy vs. combination therapy) in single-agent, gram-negative bacteremia also was low and similar: 36% versus 34% ( ; 95% P p .9 CI, Ϫ17 to 22). Reasons for failure during gram-negative bacteremia were similar for both treatment groups and are represented by the following: resistant pathogens, 26% versus 45% ( ; 95% CI, Ϫ42 to 6); persistent fever, 26% versus 17% P p .2 ( ; 95% CI, Ϫ12 to 31); and deterioration of clinical con-P p .5 ditions, 48% versus 38% ( ; 95% CI, Ϫ15 to 36). Patients P p .6 with bacteremia due to Escherichia coli had a similar success rate of 42% versus 53% ( ; 95% CI, Ϫ42 to 19); strains resistant P p .6 to piperacillin-tazobactam accounted for 19% of all E. coli isolated from blood in both treatment groups. The response rate of Pseudomonas aeruginosa bacteremia was poor and was similar for the 2 treatment groups: 14% versus 12% ( ; 95% P p .6 CI, Ϫ27 to 32). Fifty percent and 60% of blood isolates of P. aeruginosa were resistant, respectively, to piperacillin-tazobactam and amikacin. No specific resistance problems were found at any center.
Multivariate analysis. In order to estimate predictive factors that could influence the failure of empiric therapy, data from all assessable patients were fitted with a multivariate logistic regression model. Factors included in the model were as follows: monotherapy versus combination therapy (OR, 0.80; 95% CI, 0.63-1.14); male versus female (OR, 0.68; 95% CI, 0.50-0.91); age р65 versus age 165 years (OR, 1.39; 95% CI, 0.86-2.25); performance status (World Health Organization 5-degree scale) р2 versus 12 (OR, 1.60; 95% CI, 0.81-3.34); acute leukemia versus solid tumor or lymphoma (OR, 0.47; 95% CI, 0.34-0.64); neutrophil count р100 neutrophils/mm 3 versus 1100 neutrophils/mm 3 (OR, 0.87; 95% CI, 0.39-1.27); and duration of neutropenia р10 days versus 110 days (OR, 1.78; 95% CI, 1.27-2.48). The antibiotic regimen was not a predictive factor of failure, and only the diagnosis of acute leukemia represented an independent risk factor for failure.
Modification of the allocated antibiotic regimen. No difference was found between the 2 groups in the type of antibiotics prescribed as rescue treatment. Overall, a triple antibiotic combination (b-lactam plus an aminoglycoside and a glycopeptide) was chosen in 49% of patients. A combination of 2 compounds was prescribed in 36% of patients (b-lactam plus an aminoglycoside, 12%; b-lactam plus a glycopeptide, 24%), whereas monotherapy, most frequently a carbapenem, was chosen to treat 15% of patients.
Mortality. The overall mortality at the end of the febrile episode was 4% (14 patients) in the monotherapy group and 6% (22 patients) in the combination-therapy group ( ; P p .2 95% CI, Ϫ5 to 1). Deaths considered to be related to infection, with or without a noninfectious concomitant cause, were 9 of 14 in patients treated with monotherapy (7 with bacteremia) and 19 of 22 in those receiving combination therapy (10 with bacteremia).
Mortality in patients with single-agent bacteremia was similar in the 2 treatment groups and was greater in patients with gramnegative sepsis (monotherapy vs. Among the 12 patients who died as a result of gram-negative bacteremia, only 3 deaths were caused by a microorganism resistant to piperacillin-tazobactam (1 P. aeruginosa in the monotherapy group and 2 E. coli in the combination-therapy group), and only 1 case of shock occurred in a patient treated with monotherapy (E. coli, susceptible to piperacillin-tazobactam). Mortality as a result of polymicrobial bacteremia was also similar between the 2 groups: 7% (1 of 15) versus 18% (2 of 11).
An early death (within 4 days and while still on unmodified initial empiric therapy, before cultures became positive) in bacteremic febrile episodes occurred in 2 (0.5%) of 364 patients treated with monotherapy (2 E. coli) and in 3 (0.8%) of 369 patients treated with combination therapy (1 P. aeruginosa, 1 methicillin-resistant coagulase-negative Staphylococcus, and 1 polymicrobial). The overall mortality rate at day 30 from the start of empiric antibiotic therapy was 6% in the monotherapy group (22 patients) and 9% in the combination-therapy group (32 patients;
; 95% CI, Ϫ6 to 1). P p .2 Adverse effects. Both treatments were well tolerated, and they were discontinued because of toxicity only in 2 patients treated with monotherapy (1 patient with skin rash and 1 with gastrointestinal disturbance) and in 5 patients receiving combination therapy (2 patients with skin rashes, 2 with nephrotoxic events, and 1 with hypersensitivity reaction).
Intent-to-treat analysis. An intent-to-treat analysis was also performed after the inclusion of 21 of 27 unassessable patients (6 patients, 3 in each treatment group, were excluded from the analysis because they were not eligible). The results were almost identical to those obtained in the efficacy analysis (table 5).
DISCUSSION
Our study addresses 2 important questions related to the empiric antibiotic therapy for febrile, high-risk, neutropenic patients with cancer: whether an aminoglycoside is to be added to the b-lactam antibiotic in the initial empiric therapy and whether piperacillin-tazobactam can be used as empiric antibiotic monotherapy.
In this trial, piperacillin-tazobactam monotherapy was as effective as piperacillin-tazobactam plus amikacin according to all efficacy parameters, such as clinical and microbiological success, time to defervescence, and time to failure. No difference in these parameters was also found in those subgroups of patients for whom a benefit from the combined treatment could be reasonably hypothesized (i.e., patients with gramnegative bacteremia, pneumonia, or both). However, the overall response rate was low in both treatment groups, which was mainly due to the poor response of patients with bacteremia.
The inadequate response is not unexpected in patients with gram-positive bacteremia because of the large number of methicillin-resistant, and therefore piperacillin-tazobactam-resistant, staphylococci. The microbiological failure of empiric therapy was not always accompanied by clinical failure. Patients remained in stable clinical conditions during empiric therapy, and they eventually improved when the therapy was modified by adding a glycopeptide. Only 1 early death was caused by coagulase-negative staphylococci. The response rate observed in gram-positive bacteremia in our study (27% with monotherapy and 32% with combination therapy) is similar to that obtained in 2 large studies in febrile neutropenic patients who received a piperacillin-tazobactam and amikacin combination (response rate, 38%) [6] or meropenem versus ceftazidime plus amikacin (response rate, 31% and 26%, respectively) [10] .
The response rate of patients with gram-negative bacteremia was also poor in our study (36%) and lower in comparison with the results of the above-mentioned trials. This may have 3 explanations: the low susceptibility and high prevalence of P. aeruginosa in our study; the lower daily dosage of piperacillintazobactam used in our study; and the double-blind design of the trial. In our study, only 50% and 43% of bacteremia due to P. aeruginosa were susceptible to piperacillin-tazobactam and amikacin, respectively, in comparison with the European Organization for Research and Treatment of Cancer (EORTC) trial that used piperacillin-tazobactam [10] , in which the susceptibility rate was 73% and 100%, and in comparison with the EORTC trial that used meropenem [6] , in which 100% and 75% of P. aeruginosa were susceptible to meropenem and amikacin, respectively. Moreover, the prevalence of P. aeruginosa infections was also higher, compared with the EORTC trials. In fact, in our study, P. aeruginosa infections accounted for 28% (24 of 85) of total single-agent, gram-negative bacteremia, in comparison with the EORTC trial that used piperacillin-tazobactam, in which P. aeruginosa infections accounted for 19% (10 of 53) of total singleagent gram-negative bacteremia, or the EORTC trial that used meropenem, in which P. aeruginosa infections accounted for only 13% (8 of 61) of total gram-negative bacteremia.
The double-blind design of the study can also be blamed for the low response rate of treatments in gram-negative bacteremia, in that the documentation of a gram-negative bacteremia may have prompted the clinician to modify an initial treatment perceived to be inadequate against these serious infections. In fact, combination therapy containing an aminoglycoside was used in 70% of rescue treatments.
Finally, the strict definition of failure adopted in our study may have further contributed to the observed response rate. Overall, the reasons accounting for the modification of the initial allocated empiric antibiotic treatment were similar for the 2 treatment groups and were mainly represented by persistent fever (45%) and by isolation of a resistant pathogen (30%). Only in the remaining 25% of patients were the reasons for changing therapy clearly justified by signs or symptoms of clinical deterioration or toxicity.
Although according to our definitions the response to empiric treatment was quite low, overall mortality was limited and was similar with the 2 regimens. A higher rate of death occurred in patients with gram-negative and polymicrobial infections than in those with gram-positive infections, but early deaths were similar and were not influenced by the use of amikacin.
The lower response rate found in patients with acute leukemia, compared with that in patients with lymphoma or solid tumors, demonstrates once again that neutropenic oncohematologic patients are not a homogeneous group and stresses the importance of planning randomized clinical trials with patient population stratified according to risk for infection.
Our study showed that, for the treatment of high-risk, febrile neutropenic patients with cancer, empiric monotherapy with piperacillin-tazobactam represents an option as efficacious as the combination of piperacillin-tazobactam with an aminoglycoside. This option must be evaluated in the context of local epidemiological setting, with special reference to the rate of resistant microorganisms and patient risk factors. In an epidemiological context of the high prevalence of gram-negative strains resistant to piperacillin-tazobactam, the use of ceftazidime or a carbapenem should be considered.
The postulated advantage of adding an aminoglycoside to an antipseudomonal b-lactam antibiotic, assessed on the basis of greater bactericidal activity and possible synergism against selected gram-negative and gram-positive microorganisms, has not been confirmed in our study, and this approach should be therefore reconsidered.
